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Abstract.- This report describes results otttained from data collected during the first year of a 
two-year study to determine which methods of river bank stabilization are most commonly used 
for flood protection in western Washington and the impacts/benefits of these methods to fish 
tensiti 


We also examined the influence of different habitat variables or fish densities. We mailed a 
survey to agencies and organizations involved with bank stabilization and received 
documentation of 667 river bank stabilization projects in western Washington. Riprap (414 of 
667) and riprap with deflectors (82 of 667) were the most common methods used to stabilize 
river banks in western Washington. Methods commonly considered fish-and-wildlife friendly, 
such as bioengineering (16 of 667) and large woody debris (13 of 667), were rarely used. 


Using survey results, we selected five types of bank treatments to further evaluate their 
impacts/benefits to fish. We examined seasonal fish densities at streambanks stabilized using 
riprap, riprap with large woody debris (L WI} incorporated into the project, rock deflectors, rock 
deflectors with LWD (combination projects), and LWD. LWD-stabilized sites were the only 
summer, and winter surveys. Riprap sites consistently had lower fish densities than their control 
sites during all surveys. Fish densities were generally lower at deflector sites than their controls 
during the spring and summer, but greater during the winter. Although large differences 
(between stabilized sites and controls) existed in some cases, the differences were rarely 


Instream LWD cover and overhead riparian cover were the habitat variables that most 
consistently influenced fish densities at stabilized and control sites we surveyed. Fish densities 
were generally positively correlated with increasing surface area of LWD and increased overhead 
riparian cover within 30 cm of the water surface. 


We recommend using LWD cover when possible, based on these preliminary findings. LWD 
incorporated into riprap and rock deflectors needs to be larger and provide more complex cover 
than what is currently used. 


A final report describing results of both years of this research will be completed during the 
summer of 1999. , 
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Introduction 


Recent floods have resulted in extensive damage to river banks throughout western Washington 
and the Pacific Northwest. This has lead to significant efforts to stabilize eroding or destabilized 
indicated that juvenile salmonid densities (Knudsen and Dilley 1987) and species diversity (Li et 
al. 1984) are reduced near riprap banks compared tc natural banks. This has led many natural 
resource agencies to recommend the use of “environmentally friendly” methods of bank 
stabilization. These methods include tree revetments, large woody debris or rootwad 
incorporated into riprap, willow stakes, or other bioengineering methods as alternatives to riprap. 
However, the actual benefits of these activities to aquatic ecosystems have not been evaluated. 


Field evaluations have shown that stabilized banks reduce habitat quality for juvenile salmonids 
(Li et al. 1984; Knudsen and Dilley 1987) and that different methods of bank stabilization 
influence fish abundance differently (Li et al. 1984; Lister et 2’ '995). Knudsen and Dilley 
(1987) found that flood-control construction activities affected summer and fall salmonid 

and severity of habitat alterations. Li et al. (1984) observed greater larval and juvenile fish 
diversity and density near spur-dikes than continuous rock revetments. However, larval fish 
diversity and densities near spur-dikes were intermediate in value between natural banks and 
rock revetments. Juvenile salmonid abundance also varied at riprap sites treated with different 
sized rock (Lister et al. 1995). 


The objectives of this study were to: 1) document the types of river bank stabilization projects 
most commonly used in western Washington; 2) determine which bank stabilization methods 
support the greatest fish densities; and 3) determine which physical habitat features influence fish 
Lensiti 


Study Area 


This study was conducted in several different rivers of western Washington (Figure 1, Table 1). 
We completed snorkel surveys at 67 sites in these rivers. The number of sites per river ranged 
from two to eight. Descriptive information for each river and location of study sites are 
presented in Table |. 


Western Washington consists of five physiographic regions: the Olympic Mountains, Willipa 
Hills, Puget Lowlands, South Cascades, and North Cascades (Lasmanis 1991‘, We had study 
sites in rivers in each of these physiographic regions. Climate conditicns, with respect to rainfall, 
vary widely among these physiographic regions and within these regions. For example, the Puget 
Lowlands receives approximately 125 cm of rain annually, while areas of the Olympic Mountains 
receive over 300 cm rain annually. Areas of the northern slopes of the Olympic Mountains 
receive less than 50 cm of rain annually. The Cascade Mountains (200 cm) and Willipa Hills 
(250 cm) are intermediate with respect to rainfall. 

















Location of bank stabilization projects evaluated during this study. See Table | for 
descriptive information about study sites. Numbers refer to river systems as 


described in Table 1. 





Figure 1. 























sana a aewe eee ee SS 
Table 1. Descriptive information for each river in which a study site was located (Source: Phinney and Bucknell 1975; Williams 
: et al. 1975; Wiggens et al. 1995) (nd = no published data available). 
Ri River No. _Lenet! ject locati Drai M porn Physi hi 
(Fig. 1) (Km) ) area (km’) = upstream regions drained 
Cedar I 93.3 i. 486 10.62 Urban Cascades North 
93 
13.3 
Chehalis 2 204 82.1 17,441 78.22 Rural-Residential Willapa Hills 
85.3 Agriculture Cascades South 
86.9 Olympic Mts. 
146.5 
146.7 
Deschutes 3 84 7.2 420 7.33 Urban/ Cascades South 
326 es 
E.F. Lewis 4 70 23.0 234 nd Rural-Residential Cascades South 
Agriculture 
Green 5 150.6 41.0 1,033 37.1 Urban- Cascades North 
323 F 
$7.7 — 
Humptulips 6 98.2 = 337 nd Private Forestry § Olympic Mis. 
N.F. Newaukum 7 31.2 1.6 83 13.8 Agriculture Cascades South 
N.F. Snoqualmie 8 418 13 166 14 a” Cascades Nor-h 
fee 




















(Fig. 1) (Km) - Km) area (km’) =e upstream regions drained 
Quinault 9 110.7 73.1 684 80.1 National Park Olympic Mts. 
73.2 /Forest 
73.5 
Skokomish 10 67.4 6.1 588 142 Forestry Olympic Mts. 
Skookumchuck il 64.7 346 290 9.5 ~~ Cascades South 
S.F. Chehalis 12 45.7 mY 124 nd Agriculture Willapa Hills 
25.4 
26.1 
S.F. Snoqualmie 13 49.6 4.0 212 153 Forest ic¥Y § Cascades North 
po Aa Puget Lowlands 
Wi 14 718 62.7 337 176 =6*F / Willapa Hills 
_ 628 Agriculure 
Wynccchee 15 101.8 22.0 401 M1 O#PF / Olympic Mts. 
22.1 pn 
ab 
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total length of stream banks 
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Snachelos tooaed Gan eater Goumsenon of make tote on 

entered the water downstream of the site to be sampled and moved 

coats Se SS Serene cea, i ~ — = 
adjacent stabilized bank were identified to species when possible, and counted. Counts 

ee genes Cala ee ee - 

nap soe See-ean ieee ne 1+ trout (50-100 mm fork length), 2+ trout 
(1 of these different les eth 200+ trout (> 200 mm fork ). Counts were recorded for 


each of these different classes. Counts of age 1+ trout (50-100 mm fork length) and 
}) were combined during the winter into a class called pre-smolts due 


"§ 


estimated fish abundance was calculated as follows: 
N=2N,, - N,.; (Regier and Robson 1967) 


Fish Densities and Habitat Relationships 


ee ee a Ca ee ean rege wee 
completed. These data were collected to see how habitat conditions differed at stabilized sites 
and their controls, and to evaluate the influence of individual habitat variables on observed fish 
densities. The percent of the area with overhead riparian cover was estimated visually. The 
primary river habitat(s) adjacent to the bank stabilization site were classified as pools, glides, 
runs, or riffles following Bisson et al. (1982) and Helm (1985). Pri habitats were those 
pt my we Le the i Peccondaey bettas sdnined s Ne to 
jacent to site. itats were as habitat units 
hat extended fom one-fith o oneal the weed chanel with habitats were 
classified using the same classifications as primary habitats. We measured average 
width, average and maximum depth, average current velocity, and also noted — yh 
pone ny: ple = mappa ene eed een ys oy (riparian 
cover within 30 cm of the water surface), and instream woody is for each secondary habitat. 











h and width measurements were recorded using a laser rangefinder and/or stadia rod. 
were measured using a stadia rod and current velocities were measured using a Swouffer 


surveys. We recorded the size and t of the dominant and subdominant 
on 
50%, 50-75%, and 75-1 


Table 2. Substrate classifications used for this study (Cummins 1962). 








Substrate Description/particle size range (mm) 

Silt/Sand 0.0039-2 

Gravel 2-64 

Cobble 64-265 

Boulder >256 

Bedrock Exposed underlying rock not distinguishable as a boulder 

Hardpan 

Debris Bottom covered with terrestrial debris such as leaf litter and/or small woody debris 





W debris at the classified measured for and 
nha coi a, cee 
as log, tree, log jam, or small woody length sheathed 


its were measured for those debris structures as 
rootwads. The of cover provided by the structure was classified as 
sparse, medium, and dense. Single were ified as sparse, logs with some branches as 
medium, log jams, rootwads, or trees were classified as 


We compared individual physical habitat variables at the bank stabilization sites and their 
a van nce See gpl nee ean We also tested how 
man ver ton a secondary habitats. The values were 


Spe eee - controls). We regressed the differences in 
observed differences in fish densities. Second, we 
bed weighed mean ofeach habitat variable foreach eee 

densities observed at each site (stabilized sites 
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LWD Totals Approx. 176 km 








Length (km) 


Figure 3. Total of rivers in western Washi stabilized using different 


Fish Densities at Natural and Stabilized Sites 
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Table 3. Number of comparisons for the fish 






species and/or size classes of fish that we 


examined (coho fry, chinook fry, trout, 1+ trout, 2+ trout, 200+ trout, 

































total salmonids, and total had mean fish densities at the 
Season LWD Riprap/LWD Deflector 
7 of 7 3 of 6 1 of 6 
Summer 5 of 7 1of7 1 of 7 1 of 6 1 of 6 
Winter 5 of 6 3 of 6 1 of 6 1 of 6 5 of 6 
Although fairly differences existed in fish densities at certain project types and their 
controls, these rarely statistically (Fi 
were greater at their controls . 
were 
test: 
less at 
P=0. 
sites 
tests 


lt 
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Large differences in fish densities also existed between stabilized sites and their controls during 
winter. However, these differences 
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Total number of undercut banks 
Surface area LWD (m’) 


Number of pieces of LWD 
Number of pieces of dense LWD 
Surface area dense of LWD (m”) 
Number of secondary habitats 





Combo > Control 
Defl > Control 





“$4.3 (13.1 
$43 {105 
-3$.0 (12.1 
-16 (031 
0.78 

-364 (13.9) 


33033} 
100038 


$4.3 (13.1 
834 
35.0 (12.1 


1.25 (0.25) 
24.9 (9.4) 
-26.2 (9.98) 
-1.0 (0.31) 


-738 
-$6.2 (10.4 


“2.9 (0.67) 
-1.86 (0.68) 
-35.0 (14.3) 


2.3 (0.81 
3.3 (0.92 























Habitat vanable P Me an (SE) 
Surface area LWD 0.002 363 

pea =) 0.023 410 $3 
Percent riparian 0.004 26.7 (1 

_— 0.037 36.7 Sh 

Flow velocity (ft/s) 0.035 0.98 (0.25) 
Percent vegetation overhang 0.027 38.5 (6.03) 
Number of undercut banks 0.005 1.17 (0.08) 
Length undercut banks (m) 0.037 3.17 (0.58) 
Number secondary habitats 0044 2.0 (0.58) 























Variahie Species Regressionequation » 7° P 





Area LWD (m’) Coho 





amare neeamwHee eee a 
ry 
z 
<<" 
= 
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Area dense LWD (m’) Coho fry Y=26.6x - 22.6 273 606045 «40.002 
Tot. Juv. Salmonids Y = 14.4x-3.0 33. «(0.17 10027 
Y =45x+30 17 029 003 
Y=12.0x-15.6 2733 «64044 0.0005 
Y=18.9%-08 35 0.14 003 
Y=12 8x44 33 0.40 0.0001 
Y¥=0.25x+3.17 19 025 003 
Y=0.5ix 62 23 022 0.025 
Y=4.1x + 5.5 17 030 003 
Length of undercut banks Total Fish Y=5.9x - 28.5 35 056 0.03 
Coho Fry Y=26.6x - 22.6 23 045 0002 
Total Juv Saimonids Y= 14.4x -3.0 33. «(0.17 «=~0.027 
1+ Trout Y=4.5x +3.0 17 029 003 
2+ Trout Y= 0.16x +6. iS 035 002 
Zero-age Trout Y= 0.13x+43 17 027 0049 
Flow 1+ Trout Y=68x +85 17 056 001 
Coho Fry Y= 504x-17.1 3 O31 001 


Total Juv Salmonids $Y = 54.5x-7.3 33. 027 «60.002 
1+ Trout Y= 11.9452 17 O31 OM2 





























Table 5. Continued. 20 i 
Variable Species Regressionequation » Fr P i 
Summer j 
Y=0.15x -13.6 23 O28 00! 
Y =0.13x -13.8 28 0.16 004 
Y = 0.04x + 0.79 21 026 002 j 
Y¥=0.20x-174 044 0.001 
Y = 0.33-4x + 7.2 16 040 0.009 j 
Y =0.1x +0.89 20 027 OM 
Y =0.18x -178 27 027 0.006 
Y =0.04x + 0.28 21 025 0M ; 
Number dense LWD YY =4.6x 422 144 036 OM 
Y = 15.8x + 20.1 4 033 00 ; 
Y =9.3x-10.5 2 0.18 002 
Y=3.%-19 24 029 001 
Number LWD Y= 11.9% + 33.2 14 O41 001 j 
Overhead riparian cover Y=0.24x+18 14 029 0.046 j 
Percent vegetation Y =049%x +4.5 2 025 0M 
overhang Y=0.3ix+46 27 026 0.007 
Y=0.18& +18 22 032 0.004 
Y=0.13x +546 21 O35 0.005 
Number of undercut Shiner Y = 57 Ax +43.9 14 060 0.001 [ 
banks 
Number of areas of 2+ Trout Y =-3.0x-46 24 O18 0.04 j 
different sediment 
Percent dominant Coho Y= 04x -4.7 3 024 OM ; 
substrate Dace Y = 0.0% - 16.3 19 032 001 
Flow 1+ Trout Y=10.2x-3.8 24 022 0M ; 
Ave. depth Dace Y = -68.2x-5.5 19 O32 001 
Total Fish Y = 63.0x + 0.05 35 020 0291 | 
Tot. Juv. Salmonids § Y = -29.5x-8.5 27 O15 0.049 
1+ Trout Y *-16.1n-2.2 23 029 001 
Max. depth Dace Y = -55.8x - 4.7 19 029 002 [ 
Total Fish Y = -38.0x-43 33 «(0.13 ~0.04 . 














a ae a 











Table 5 Continued. 21 
Variable Species Regressionequation n rr P 
Embedded score Dace Y =26.1x - 35.8 12 053 0.007 

Total Fish Y = 35.2x - 35.7 20 049 0.0004 
Number of primary Coho Y = 20.5x - 14.6 28 028 0.01 
habitats Tot. Juv Salmon Y = 28.3x - 15.7 2 023 0.01 
Winter 
Percent riparian cover Fry Y = 0.44x +84 18 0.25 0.03 
Number of areas of 2+ Trout Y = -21.6x - 13.2 13 06.55 0.004 
different sediment 
Percent dominant Total Fish Y = -0.59x - 10.6 18 025 0.04 
substrate 
Embedded score Pre-smolts Y =-13.3x-49 17 045 0.003 
Total Fish Y =-15.1x+4.7 18 026 0.03 









during all seasons (Tables 6), were riparian 
cover during the spring, while 2+ trout oul ond 200° "leh were postvely rented 1 
eS ne One Seer eee ty be percent vegution overhang had 
cover during the winter poe tn 
ive influence on total fish densities during (Table 6). 




















, = 
Table 6. _ Relationship of fish densities to measured habitat variables at project and control | 
sites surveyed during the spring, summer and winter 1997. 
Variable Species Regressionequation » Pr  P i 
Spring 
Area LWD (m’) Chinook fry Y = 0.04x + 7.78 42 0.12 0.02 i 
Coho Y =0.11x + 19.2 44 025 0.00! 
Tot. juv.salmon Y =0.12x + 17.7 64 0.21 0.0001 
Number of dense LWD Tot. juv. salmon Y =5.Sx+ 18.9 64 0.15 0.002 i 
pieces 
Area dense LWD (m’) Chinook fry Y = 0.04x + 8.9 42 0.10 0.04 j 
Coho Y = 0.12x + 21.4 4 023 0.001 
Tot. juv.salmon Y =0.16x + 20.1 64 0.27 0.0001 
Percent riparian cover Coho fry Y = 0.24x + 19.4 4 0.15 0.01 | 
Percent vegetation overhang Total fish Y = 0.32x + 41.9 66 0.07 0.03 ; 
ao of undercut banks 2+ Trout Y = -0.52x + 7.8 44 0.09 0.04 
m 
Number of areas with Tot. juv.salmon Y =7.4x+8.6 64 0.10 0.02 | 
different substrate 
Embedded score Chinook fry Y=-29+193 42 0.13 0.03 i 
Total fish Y = -12.3x + 89.3 68 0.12 0.005 
Flow Total fish Y =-35.2x +854 68 0.25 0.001 j 
Number primary habitats Coho fry Y = 16.7x + 7.6 44 12 0.02 
Tot. juv.salmon Y =21.4x+1.6 64 0.12 0.01 , 
Summer 
Number of dense LWD Chinook fry Y =1.8x+1.5 65 0.16 0.001 i 
pieces Coho fry Y =5.3x+ 12.8 65 0.11 0.01 
Tot. juv. salmon Y =6.6x + 20.6 65 0.13 0.003 
2+ Trout Y =2.1x+6.4 65 0.13 0.004 
1+ Trout Y=29x+68 65 0.15 0.001 i 
Area dense LWD (m’) - Chinook fry Y = 0.4x +2.5 65 0.13 0.002 
Coho fry Y =0.13x+15.4 65 0.14 0.002 
Tot. juvsalmon Y =0.17x +22.5 65 0.17 0.001 i 
2+ Trout Y = 0.04x + 7.6 65 0.09 0.01 
200+ Trout Y = 0.03x + 3.9 65 0.15 0.002 
1+ Trout Y =0.7x + 8.0 65 0.18 0.001 i 
Percent riparian cover 2+ Trout Y =0.1x +64 67 0.08 0.02 
200+ Trout Y = 0.05x + 3.1 67 0.10 0.01 ' 














Table 6 Continued. 23 
Variable Species Regressionequation nm r P 
Percent vegetation overhang Redsidedshiner Y =0.3x+9.3 59 0.14 0.003 

Total fish Y =0.3x + 56.3 59 0.09 0.03 
Flow 1+ Trout Y =7.2x+6.1 68 0.10 0.01 
Max. depth Chinook Y =3.3x-12 66 0.07 0.03 
Embeddedness Redsided shiner Y =-6.3x +38.8 54 0.09 0.03 
Percent dominant subst. - Tot. juv.salmon Y =0.2x + 20.7 54 0.09 0.03 
1+ Trout Y =0.1x + 7.0 54 0.09 0.03 
Number of primary habitats Coho Y = 18.0x - 2.1 65 0.15 0.001 
Tot.juv salmon Y=18.3x+6.6 68 0.11 0.005 
Winter 
Area LWD (m’) Fry Y = 0.23x + 13.5 27 =—0.18 +=0.03 
Percent riparia: cover Fry Y = 0.25x + 15.7 28 0.15 0.04 
Percent dominant subst. Total fish Y = -0.03x + 62.4 29 0.19 0.02 
Tot. juv. Y = -0.36x + 56.8 29 0.23 0.008 
salmonids 





Table 7 summarizes the statistically significant results of comparisons of fish densities at 
hye significant res a elie ae Siteed sions ond 















ities. Of the vari we examined, measures of vegetation 





debris cover were the most consistent variables which could be used to 
observed in fish densities among stabilized sites and their controls. For 





were positi related to percent 
i related to both the di in fish 
to overall fish densities at all survey 
















































Table 7. different types of stabilized banks and their control 
nificantly related 1 both the differences in fish densities observed 
~~ > a, ee eee 
Spring 
Riprap Chinook Less Percent vegetation overhang Area LWD 
—_— =e +: ae 
Percent vegetation overhang 
RRLWD Coho Less 
LWD 1+ Trout Greater Number of different substrates 
Deflector 1+ Trout Less Number of different substrates 
- =_- 2 a 
Summer 
Riprap Chinook Less Number Dense LWD # Dense LWD 
Area Dense LWD 
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Based on our observations to date we recommend the following 
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Appendix A: Questionnaire mailed to Federal, State, Tribal, and County agencies, as well as 
——— ee work in 
Questionnaire 
Name Agency 
Address | | Phone/FAX 
Project location (county, city/town, stream, township, range, street, etc.): 
Completion date: 
Length of bank stabilization (ft): 
Project goals (i.e., stop erosion, return a natural erosion rate, etc.) 
































= one): intact, completely failed, partially failed (give estimates of percent 


of circle one): bank fai i i } i 
GREE apn ee ete een, 





Cause of failure if known (e.g., unique hydrologic, hydraulic, or geomorphic condition, etc.) _ 





Bank stabilization/protection method used (circle late responses): toe key, spur dike/rock 





Were habitat features included in the project (yes or no, if yes what method, i.c., willow stakes, 
rootwad placement, woody debris placement, other)? 


What are the and ivities i } . 
at are aan exy? secondary land-use activities in the project area (i.e., forestry 


Was the project completed under a “normal” planning process or under an emergency planning 











Was the project compieted to repair damage i ing the 1995-1996 floods? (Circle 
cath Fea, oS Hf yoo did damage exit petty to dee 1988-1998 floods? (Circle om): you a0. 


Was the project completed as originally designed? (Yes, No (explain) 
ee ea ae mn ile Ae 7en, We 








Do you have stabilization data : fish/wildlife 
atbetme haa eee -_ 











Appendix B: Comparison of day and night snorkel estimates 
Table B.1. ene en nen Oruins Cay ond ies crveys in he Wynsedies ant 











Density (Fish/km) 
Species Day Night P n Power 
Chinook fry 107.14(106.00) 66.88(107.19) 0.4567 6 <0.5 
Coho fry 750.78 (478.18) 832.67 (791.28)  >0.50 7 <0.5 
Coho smolts 139.51 (222.33) —-121.71 (124.28) —_ >0.50 4 <0.5 
All salmon fry 1,358.29 (722.73) 1,778.43 (2413.85)  >0.50 7 <0.5 
0-age trout 282.610 (333.860) 233.509(437.037) 0.357 7 <0.5 
1+ Trout 21.23 (33.02) 36.72 (39.64) 0.4037 5 <0.5 
2+ Trout 30.26 (43.34) 40.16 (76.84) >0.50 5 <0.5 
Dace 178.26 (332.93)  93.10(153.13) 0.2557 4 <0.5 
Total fish 1,620.88 (989.46) 2,190.61 (2545.26)  >0.50 7 <0.5 
Sculpin 44.01 (31.94) 272.38 (99.37) <0.0001 7 <0.5 

















are 
Deasly (Fish/km) 

Species Day Night P n Power 
Total Fish 1109.84(460.700)  4186.37(980.718) 0.005 14 <0.50 
Fry 941.76 (437.504)  1052.38(405.932) 0.456 14 <0.50 
Total Salmon 1069.64 (465.152) 3264.42(924.328) 0.034 14 <0.50 
Pre- smolts 7.02(4.920) 1446.49(586.796) <0.001 14 0.90 

2+ Trout 39.91 (27.990) 327 .46(192.220) 0.056 14 <0.50 
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